Dietary supplement use among elite athletes is common and varies from 59% to 88%, with multivitamins, minerals, proteins, and energy drinks being most common products consumed (Braun et al., 2009; Dascombe, Karunaratna, Cartoon, Fergie, & Goodman, 2009; Duellman, Lukaszuk, Prawitz, & Brandenburg, 2008; Erdman, Fung, Doyle-Baker, Verhoef, & Reimer, 2007; Froiland, Koszewski, Hingst, & Kopecky, 2004; Huang, Johnson, & Pipe, 2006; Nieper, 2005; Petróczi, Naughton, Mazanov, Holloway, & Bingham, 2007b; Petróczi et al., 2008; Ronsen, Sundgot-Borgen, & Maehlum, 1999; Striegel, Simon, Wurster, Niess, & Ulrich, 2006; Tian, Ong, & Tan, 2009) . Athletes use dietary supplements to increase energy, maintain strength, enhance performance, maintain health and the immune system, and prevent nutritional deficiencies (Braun et al., 2009; Dascombe et al., 2009; de Silva, Samarasinghe, Senanayake, & Lanerolle, 2010; Erdman et al., 2007; Froiland et al., 2004; Nieper, 2005; Petróczi et al., 2007b; Striegel et al., 2006) . Despite the frequent use of dietary supplements, recent findings have shown that athletes have misconceptions about their effectiveness (Duellman et al., 2008; Nieper, 2005; Petróczi et al., 2008) . Petróczi et al. (2008) did not observe agreement between athletes' rationale and behavior in relation to their nutritional supplement use except for creatine, whey protein, and energy drinks, which were reported to be used to maintain strength (creatine and protein) and enhance endurance (energy drinks; Petróczi, Naughton, Mazanov, Holloway, & Bingham, 2007a; Petróczi et al., 2008) .
Recent studies concerning athletes' supplement use have stated the importance of professional dietary counseling (de Silva et al., 2010; Erdman et al., 2007; Froiland et al., 2004; Nieper, 2005; Sundgot-Borgen, Berglund, & Torstveit, 2003; Tian et al., 2009 ). However, it seems that many of the athletes consuming dietary supplements get their information from coaches, fellow athletes, and family or friends. According to studies, there is also a large population of athletes who report incorrect information about the supplements they use (Nieper, 2005; Sundgot-Borgen et al., 2003; Tian et al., 2009) . A Norwegian study made with 1,200 junior and senior elite athletes reported that 8% of the nutritional supplement users did not know whether the supplements they used were classified as doping or not (Sundgot-Borgen et al., 2003) .
The aims of our study were to investigate the use of dietary supplements in Olympic athletes, to assess the possible trends in the specific dietary supplements, to identify whether athletes receive too few essential nutrients such as vitamin D, and, in 2009, to evaluate the reasons and experienced benefits of supplement use by athletes. In addition, in 2009 we wanted to know whether athletes had an opportunity to consult dietary specialists. (Alaranta et al., 2004) .
Material and Methods
Athletes were divided into four groups according to their type of sport. These were speed and power athletes (n = 113 in 2002, n = 112 in 2009), endurance athletes (n = 108, n = 80), athletes in motor-skill-demanding events (n = 73, n = 69), and team-sport athletes (n = 152, n = 111). Track-and-field athletes (sprinters, jumpers, throwers, and decathletes, n = 65) were the largest subgroup of the speed and power athletes in 2009, and cross-country skiers (n = 24) were the largest subgroup of the endurance athletes in 2009. The largest subgroups of the athletes in skill-based events in 2009 and in teamsport events in 2009 were sailors (n = 13) and volleyball players (n = 37), respectively. When defining these groups we adjusted the classification used before by our study group (Alaranta et al., 2004) .
Athletes answered a semistructured questionnaire, which was based on a national health survey, Health 2000, coordinated by the Finnish National Institute for Health and Welfare. The questionnaire for the second study was piloted in 2008 with national-level ice hockey players and track-and-field athletes (n = 30) who were not included in the final study. A researcher presented the study to athletes and was available for questions. After providing written informed consent athletes filled in a semistructured questionnaire. Off-site athletes were given the possibility to consult the researcher by phone or e-mail. The questionnaire was filled out anonymously and data were stored and analyzed anonymously. The ethics committee of the University of Turku granted ethical approval for the study.
Questions focused on athletes' dietary supplement use and their opportunity to consult dietary specialists. Athletes were asked to name all vitamins, minerals and nutritional supplements including herbal and homeopathic preparations they had used during the previous 12 months. Of the supplements used athletes were asked if they used them regularly or occasionally and, furthermore, if they had used the supplement during the previous 7 days. All athletes who used supplements at least occasionally were included in the analyses. In 2009, we also asked "For what purpose do you use this product?" and "Have you noticed any effect from using this product?" Moreover, we asked whether athletes had an opportunity to use the services of a nutritional specialist and whether they visited a nutritional specialist regularly. Dietary supplements were divided into supplement subgroups for further analysis. We used the categorization described by Huang et al. (2006) in their study on elite Canadian athletes' medication and dietary supplement use in the Atlanta and Sydney Olympic Games. Dietary supplements were classified as vitamins, minerals, and nutritional supplements (including amino acids, proteins, carbohydrates, creatine, caffeine, omega-3 fatty acids, herbal or homeopathic supplements, and other supplements). Herbal supplements were products mainly derived from plant sources such as echinacea, garlic, and ginseng. "Other" supplements were products that could not be categorized any other way, such as fibers, bovine colostrum, and conjugated linoleic acid. Vitamin supplements comprised the following: multivitamins; vitamins A, B, C, D, and E; beta-carotenes; and antioxidant agents. Mineral supplements included iron, calcium, magnesium, zinc, fluorine, potassium, and multiminerals.
We also categorized athletes' open-ended answers concerning their experiences with the supplements they used. The most often given reasons for dietary supplement use were included in the categorization made by our study group. In the vitamin and mineral groups answers that were included in the analysis were as follows: to ensure adequate intake of the named vitamin or mineral, to avoid sickness, or to prevent cramps. In the nutritional supplement group answers that were included in the analysis were as follows: to increase energy, to recover from physical exercise, or to increase muscle mass. When categorizing answers concerning benefits of athletes' dietary supplement use we used three categories: no benefits observed, no apparent benefits observed, or benefits observed.
Statistical Methods
Chi-square tests were performed to test differences in supplement use between 2002 and 2009. Chi-square tests were also performed to test differences in supplement use among athlete subgroups, as well as among women and men. Statistical significance was reported at a p value of .05 or less. Analyses were performed with SPSS 16.0.
Results
In 2002, 81% of the 446 athletes reported supplement use during the previous 12 months, and in 2009, 73% of the 372 athletes did (p = .004; Table 2 ).
Vitamin Use
Of the athletes surveyed, 67% and 56% reported using Between study years, multivitamin consumption increased among athletes in motor-skill-demanding sports (42% vs. 49%, p = .376) and decreased among endurance athletes (63% vs. 51% p = .108) and team-sport athletes (41% vs. 24%, p = .004). 
Mineral Use

Reasons for and Experienced Benefits of Supplement Use in 2009
In 
Supplement Users' Opportunity to Consult Dietary Specialists in 2009
When athletes were asked about the opportunity to consult dietary specialists, we found that only 27% (99 of 372 athletes) of them answered yes in 2009. Of the athletes in different sport groups, 30% of speed and power athletes, 31% of endurance athletes, 36% of motor-skilldemanding athletes, and 14% of team-sport athletes had an opportunity to consult nutritional specialists. Of dietary supplement users, 30% had an opportunity to consult nutritional specialists occasionally. Only 1% of the athletes had an opportunity to visit a dietary specialist regularly.
Discussion
In our study, we compared a large sample of elite 
Validity of the Data
Two cross-sectional studies were conducted with Finnish Olympic athletes. Athletes filled out similar questionnaires and had an opportunity to consult researchers during these occasions. Participation rate was high. Between study years, the National Olympic Committee had somewhat elevated the criteria for financial support, so some smaller sport federations did not receive any more support for adult athletes. This is why the study population slightly decreased in 2009. However, subgroup sizes in 2002 and 2009 (speed and power athletes, endurance athletes, athletes in motor-skill-demanding sports, and team-sport athletes) were quite comparable. Elevating the criteria for financial support also caused slight changes in the age profile of the study population between study years: Athletes' mean age was greater in 2002 than in 2009 (23.0 vs. 21.2 years; Table 1 ).
Athletes were asked to name all nutritional supplements-all vitamins, minerals, and herbal and homeopathic preparations-they used during the previous 12 months without being given examples. There have been studies with elite athletes that gave examples or listed supplements they wanted athletes to name in their questionnaires (Braun et al., 2009; Froiland et al., 2004; Petróczi et al., 2007b; Scofield & Unruh, 2006; Tian et al., 2009 ). In comparison with those studies, the absence of examples in the current study may have caused some underreporting of supplement use. Similarly, athletes' reasons for and opinions of supplement use in 2009 were asked with open-ended questions. We did not include any specific laboratory measurements to further confirm, for example, adequate vitamin D plasma levels. Because of the large sample size we were able to detect even small changes in dietary supplement use that may not be clinically relevant.
Comparison With Previous Study
In our study, only 30% of all supplement users and 27% of all athletes had an opportunity to consult a dietary specialist when needed. A survey of student athletes reported that their primary sources of nutrition information were athletic trainers (39.8%), strength and conditioning coaches (23.7%), and dietitians (14.4%; Burns, Schiller, Merrick, & Wolf, 2004) . Other studies have reported that athletes' main sources of nutritional information are not dietary professionals (Nieper, 2005; Sundgot-Borgen et al., 2003; Tian et al., 2009 ). We did not ask athletes to name their primary sources of dietary information, but because the opportunity to consult with a dietary specialist was low, it may be assumed that elite Finnish athletes get their dietary information mainly from other sources.
When examining the reasons athletes provided for their supplement use, we observed that the reasons were similar to those given in other studies (Braun et al., 2009; de Silva et al., 2010; Erdman et al., 2007; Froiland et al., 2004; Nieper, 2005) , but there were some differences. In our study, 30% of vitamin and mineral users took them to maintain health. In other studies 45-63% of the athletes reported using supplements to maintain health (Braun et al., 2009; Froiland et al., 2004; Nieper, 2005) . Recovering from physical exercise was one of the most important reasons athletes gave for their supplement use in our study (80%). There is only one other study that reported nearly that high a percentage (Erdman et al., 2007) . A total of 79% of the athletes who answered the question concerning benefits of supplementation thought they had noticed some positive effect of supplement use. This percentage was surprisingly high because the positive effects of many supplements (e.g., vitamins and minerals) may be difficult to detect.
Similar to other surveys, in our study multivitamins, carbohydrates, and proteins were among the most popular supplements (Braun et al., 2009; Dascombe et al., 2009; Duellman et al., 2008; Erdman et al., 2007; Froiland et al., 2004; Huang et al., 2006; Nieper, 2005; Petróczi et al., 2007b; Petróczi et al., 2008; Ronsen et al., 1999; Striegel et al., 2006; Tian et al., 2009 ). We did not evaluate athletes' daily intake of micro-and macronutrients, but many athletes took dietary and micronutrient supplements such as multivitamins, vitamin C, and magnesium. Appropriate intake of macro-and micronutrients is essential for elite athletes during training for optimized results. However, planning a well-balanced diet can be complicated, for example, for athletes in sports in which low body weight is thought to benefit performance (e.g., high jumpers, figure skaters) or endurance athletes who need a high number of calories (especially carbohydrates) per day. A Canadian study that evaluated nutritional intake among high-performance athletes reported inadequate consumption of carbohydrates and energy among both male and female athletes. However, micronutrient intake exceeded daily recommendations by over 20% when supplements were not considered and even more when supplements were considered (Lun, Erdman, & Reimer, 2009 ). Hinton, Sanford, Davidson, Yakushko, and Beck (2004) reported both protein and carbohydrate intake among college athletes as inadequate based on the recommendations for athletes. Daily recommendations for micronutrients were exceeded for all nutrients except vitamin E and magnesium (Hinton et al., 2004) . According to a statement of the American Dietetic Association (2009), the intake of vitamin and mineral preparations does not improve performance in individuals consuming nutritionally adequate diets. Thus, because dietary counseling among elite Finnish athletes seems to be at low level, it would be relevant to ask whether daily intake of macro-and micronutrients of national elite athletes is optimal.
Surprisingly few athletes reported taking vitamin D in both study years. In 2002, only 0.7% of the athletes used vitamin D preparations; in 2009 it was 2%. Vitamin D is known to be essential for bone health, but it is also known that deficiency in it can have profound effects on the human immune system and inflammation (Hamilton, 2010; Willis, Peterson, & Larson-Meyer, 2008) . Vitamin D treatment may also improve athletic performance, especially in vitamin-D-deficient athletes (Cannell, Hollis, Sorenson, Taft, & Anderson, 2009) . A major source of circulating human vitamin D stores is the cutaneous production from incidental ultraviolet B radiation (Hamilton, 2010; Willis et al., 2008) , which is inadequate for many Finnish athletes because of the lack of sunlight in late autumn and winter. A study with young Finnish female athletes and nonathletes found that nearly 68% of the study population were moderately vitamin D insufficient D between 20 and 37.5 nmol/L) and 13.4% of the study population had severe hypovitaminosis (S-[OH]25D below 20nmol/L) in winter (Lehtonen-Veromaa et al., 1999) . Thus, attention must be paid to vitamin D status of athletes living in areas where sunlight is diminished, to avoid harmful effects of vitamin D deficiency.
In 2009 athletes took significantly more omega-3 fatty-acid supplements than in 2002. In addition, regular use of those preparations nearly doubled (8% in 2002 and 15% in 2009) between study years. The consumption of supplemental omega-3 fatty acids was most frequent among endurance athletes in both study years, but when comparing the consumption of those preparations between study years, it was found that the increase in consumption was remarkably high in other subgroups. In 1999, Ronsen et al. (1999) reported regular consumption of cod liver oil being nearly 50%, and occasional use of it over 40%, among elite Norwegian cross-country skiers. As reported by two recent studies, omega-3 fatty acids decrease exercise-induced bronchoconstriction in athletes (Mickleborough, Lindley, & Montgomery, 2008) and counteract the inflammation brought on by exercise (Simopoulos, 2007) . Thus, it would be useful for athletes to increase omega-3 fatty acids (EPA and DHA, derived from fish oils) in their diet. According to our results, it seems that there is increased awareness of the useful effects of unsaturated fatty acids among elite Finnish athletes.
On the contrary, in 2009 athletes took significantly less supplemental vitamin B than in 2002, and its consumption decreased in all subgroups. Limited research has been done on whether physical exercise increases the need for vitamin B complexes (Woolf & Manore, 2006) . On the other hand, long-time folate or B 12 deficiencies may result in anemia and reduce endurance performance (American Dietetic Association et al., 2009) .
Creatine was used most often by speed and power athletes in both study years. This is rational because creatine supplementation in association with resistance training is known to increase the number of satellite cells and myonuclei in human skeletal muscle, resulting in enhanced muscle-fiber growth (Olsen et al., 2006) . However, the consumption of creatine decreased between study years, and it was seen in all sport groups. It is difficult to explain why creatine use decreased, especially in speed and power sports, but this is rational in endurance events because, according to the literature, it is not clear whether creatine supplementation benefits endurancetype activity (Branch, Williams, & Van Lunen, 2002; Kilduff et al., 2004) .
In conclusion, despite the diminished use of dietary supplements among elite Finnish athletes, percentages of their use are still high. The ample use of some micronutrient supplements, such as vitamins, can be a risk for athlete's health because recommendations for daily intake may be exceeded. On the other hand, consumption of some micronutrient supplements such as vitamin D, whose natural intake may be inadequate among the Finnish population, is notably low, thus possibly causing many serious health-related problems for high-training athletes. These facts need to be mentioned when planning nutritional counseling for athletes, especially in Finland, where only one third of athletes have an opportunity to consult dietary specialists at least occasionally.
